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The relationship between dental caries and
between-meal snacks was investigated in a
study of 1,486 high school students. The
participants completed a questionnaire on
between-meal habits and then were given
dental examinations. The lack of differences
in dental caries between racial and geo-
graphic groups was not related to the fre-
quency of sucrose-containing, between-meal
snacks.
Dental caries has been designated as a bac-
terial disease, although there is no agreement
as to the specific etiologic organisms in-
volved.1 As a result of recent research, in-
formation on the mechanism of the activity
of caries and the organisms concerned has
been obtained. Bacteria, such as strepto-
coccus strains, have been found to cause
lesions on the smooth surfaces of animals'
teeth; bacteria are dependent only on su-
crose for the production of dextrans.2,3 Dex-
tran binds bacteria together and causes them
to stick to the teeth; sucrose is the principal
substrate for the production of acids that
attack and destroy the substance of the
teeth.4 Consistent with these findings is the
fact that the progress of lesions in popula-
tions is related directly to the presence and
frequent use of sticky sugars in the diet.5
Prevalence of caries has been associated
with the amount and frequency of high
sucrose-containing, between-meal snacks.6
Caries experience is associated with between-
meal eating so that differences or lack of
differences between racial and geographic
groups might be related to the amount and
Based on a thesis submitted to the School of Public
Health, University of Michigan, in partial fulfillment
of the requirements for the PhD degree.
This investigation was supported in part by USPHS
Research Training Grant 5 T01 DH 02005 from the
National Institutes of Health, Bethesda, Md.
Received for publication February 16, 1972.
342
frequency of sucrose-containing between-
meal snacks. The purpose of this study was
to test the hypothesis that dental caries is
related to the consumption of sucrose-
containing between-meal snacks.
Materials and Methods
A total of 1,486 white and black high
school students in Detroit, Michigan and
Columbia, South Carolina who were 14 to
17 years of age completed a questionnaire
on between-meal eating habits. They then
were examined for dental caries.
Dental examinations were conducted with
the aid of a portable chair and a dental spot-
light; radiographs were not used. Caries
experience was recorded by use of the Klein
and Palmer code.7 Only obvious lesions in
which soft dentin could be detected were
recorded as carious. An assistant recorded
the dental findings.
The drinking waters of both cities con-
tained no fluoride until about one year
before the survey. To obviate the effect of
ingestion of fluoride on the prevalence of
caries, only residents who had consistently
used the city's water since birth were in-
cluded in the sample. The effect of outside
sources of fluoride was controlled by the
information on residency and permission
slips and by questioning the participants.
Some participants were excluded as a result
of incomplete histories or because they had
used water other than the city's.
Total caries experience, as indicated by
DMF teeth, may not be related closely to
the consumption of sucrose, because all
lesions that are found in the mouth are in-
cluded. This problem was anticipated in the
early stages of the study, and therefore,
dental data also were recorded and coded
according to smooth surface and proximal
lesions. The DMF teeth of each person and
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the mean DMF teeth of each group were
calculated according to age, sex, race, and
geographic location.
Information about the amount and fre-
quency of consumed sucrose-containing be-
tween-meal snacks and cariogenic foodstuffs
was gathered by use of a self-administered
questionnaire. The questionnaire was easily
understood and it was filled out as indicated
during previous pretests. Standardized con-
ditions were used to ensure uniformity be-
fore a dental examination was given.
The main purpose of the questionnaire
was to determine snacking patterns in the
form of between-meal eating habits. The
students were asked to indicate if food items,
such as candy, cake, ice cream, bread,
crackers, and so forth were never eaten,
sometimes eaten, or usually eaten between
meals. The study design was intended to
determine a general pattern, rather than
attempt to acquire information that con-
cerned specific amounts of consumed food.
The prevalence of caries experience was
compared with differences in between-meal
patterns of eating, particularly the frequency
and types of sucrose-containing foods.
Results
Findings for the analysis of DMF teeth
are indicated in Table 1 and have been dis-
cussed in a previous report.8 In Detroit,
significant differences were found for race
and age, but there was no significant dif-
ference between the sexes. No significant
differences were found in data from Colum-
bia. When taken as a whole, the mean DMF
teeth for Columbia was slightly higher than
the mean value for Detroit.
The results from the questionnaire about
between-meal eating were examined to de-
termine if a difference or a lack of difference
found in caries experience could be asso-
ciated with the frequency and amount of
high sucrose snacks.
Several preliminary analyses were con-
ducted to determine if patterns of response
followed specific trends. A review of several
hundred questionnaires resulted in a deci-
sion to classify responses according to the
presence or absence of sucrose. Specific
items were categorized as sticky sugar, sugar,
and low sugar. The results of a preliminary
analysis are shown in Table 2. This classifi-
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cation corresponded to the hypothesis that
persons with a high caries experience would
have consumed more sugars and sticky
sugars than persons with a low caries experi-
ence.
Because the plotted frequencies of DMF
teeth showed approximately normal distribu-
tions, data could be separated into low,
medium, and high caries experience accord-
ing to the mean and a half standard devia-
tion above and below the mean. Those
scores that were greater than a half standard
deviation were designated as high caries
experience, those a half less were designated
as low, and those within a half standard
deviation were designated as medium. The
dental data were separated initially by age,
sex, race, and location. Because the data
were separated, ages, sexes, races, and loca-
tions could be combined for further analysis
based on low, medium, and high caries
experience; data separation also minimized
the effect of longer exposure of the teeth of
older age groups to carious attack.
Chi-squares were calculated to determine
if the differences in total caries experience
(DMF teeth) were associated with snacking
habits, as elicited by 25 items on the ques-
tionnaire for white and black males and
females in Detroit and Columbia. Two hun-
dred chi-squares were calculated. Although
14 of the chi-squares indicated significant
differences, only 6 of these were significant
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with regard to the pattern of the hypothesis,
ie, that caries experience would be higher for
groups that reported more frequent use of
sucrose-containing snack items.
The next step in the analysis was to ex-
amine the relationship between the responses
from the questionnaire and the number of
low, medium, and high proximal lesions.
Because of this non-normal data, the usual
statistical calculation of the mean and stan-
dard deviations could not be used. The
group with no lesions was designated as low
caries activity. The remainder of the in-
dividuals were combined, a mean was cal-
culated, and then the group was separated
into medium and high caries activity ac-
cording to this mean. On this basis, the
computer was programmed to indicate the
relationship of the responses from the ques-
tionnaire to low, medium, and high caries
activity by age, sex, race, and location.
These individual groupings then were com-
bined by age, then by sex, then by race, and
finally by location.
Chi-squares were calculated to test for
significant relationships of responses on
between-meal eating patterns that were in-
dicated in the questionnaire to low, medium,
and high proximal caries experience. These
calculations were done for anterior proximal,
posterior proximal, and anterior and pos-
terior proximal caries experience. Tests were
done according to sex and race for both
Detroit and Columbia.
Chi-squares were calculated to determine
if differences in proximal caries experience
were associated with snacking habits, as
elicited by 25 items on the questionnaire for
white and black, males and females in
Detroit and Columbia. Six hundred chi-
squares were calculated. Although 61 of the
chi-squares indicated significant differences,
only 36 of these were significant with a
regard to the hypothesis, ie, that caries ex-
perience would be higher for groups that
reported more frequent use of sucrose-
containing snack items.
Chi-squares then were calculated to deter-
mine if differences or lack of differences in
caries experience between whites and blacks
were related to snacking habits, as elicited
by 25 items on the questionnaire. Entire
groups of whites were compared with entire
groups of blacks in Detroit and Columbia.
Fifty chi-squares were calculated. Most of
these analyses indicated that there were
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significant differences between whites and
blacks in snacking patterns as reported in
the questionnaire. Caries experience in De-
troit was somewhat higher for whites than
blacks (11.22 DMF teeth vs 9.31 DMF
teeth). Therefore, it would be expected that
more white than black children consumed
sucrose items. Among the 25 chi-squares
calculated for Detroit, 16 were statistically
significant. Only six of these significant chi-
squares, however, indicated that the pattern
of response was consistent with the hy-
pothesis that blacks would consume less
sugar-containing and more nonsugar-con-
taining items (Table 3).
Unlike Detroit, caries experience in
Columbia was similar for whites and blacks
(10.74 DMF teeth vs 11.14 DMF teeth).
Chi-squares would be expected to show little
difference in snacking patterns between
whites and blacks.
But, 24 of the 25 chi-squares that were
calculated for Columbia indicated consider-
able differences in snacking habits between
white and black children. In 14 of the
significant chi-squares, black children re-
ported that they consumed more sucrose
items and less nonsucrose items than white
children (Table 4).
Discussion
Studies with isolated populations, such as
Fisher's report9 on Tristan da Cunha, have
demonstrated that as a population changes
its way of life, which includes dietary habits
and sharp increases in the consumption of
TABLE 3
SIGNIFICANT DIFFERENCES FAVORING OR OPPOSING HYPOTHESIS THAT
CONSUMPTION OF SUCROSE BETWEEN MEALS IS ASSOCIATED WITH
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SIGNIFICANT DIFFERENCES IN REPORTED BETWEEN-MEAL SNACKING
OF WHITE AND BLACK CHILDREN IN COLUMBIA
Significant Chi-Square Values
Whites Favoring More Sucrose Blacks Favoring More Sucrose Nonsignificant Chi-Square,
Item P Value Item P Value Neither Group Favoring Sucrose
Usual snack <0.001 Spending money <0.001 Food eaten every
Pop <0.02 Number of meals day
Peanut butter eaten <0.001
sandwich <0.05 Snack like to eat <0.001
Breakfast cereal <0.001 Between-meal
Sweet potatoes <0.001 frequency <0.001
Potato chips <0.001 Favorite snack <0.001
Bread <0.001 Candy <0.001
Fresh fruit <0.001 Cake <0.001
Milk <0.01 Gum <0.001
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sucrose, there is a noticeable increase in
caries. It is plausible that the blacks in this
study have changed their way of life from
previous generations and that they have
adopted more of a white man's diet; this
would include a significant increase in the
consumption of sucrose between meals. With
an increase in industrialization and urbaniza-
tion, blacks have become more assimilated
into an urban way of life than in past
generations. In this setting, sucrose-contain-
ing foods become more attractive and avail-
able for consumption.
Socioeconomic status does not appear to
have been an influencing factor in the re-
sults of this study, because all samples were
selected from schools that are located in the
lower economic areas of the cities. Schools
that are located in the upper or middle
socioeconomic areas were not used for the
survey. Although a few participants with a
higher socioeconomic status have been in-
cluded because of residence, the total
sample was considered to be of low socio-
economic status. Even though the socio-
economic status of the samples that were
studied may not be identical, the populations
generally were in the lower socioeconomic
status in their respective cities. Studies have
indicated that socioeconomic status has little
or no effect on the total DMF teeth, but it
is related to differences among the com-
ponents of the DMF count; decayed and
missing teeth scores are higher for low socio-
economic groups and filled rather than
decayed teeth scores are higher for upper
socioeconomic groups.10'11
Other investigators have concluded that
the relationship of sucrose to dextran that
is formed in the presence of oral streptococci
facilitates the carious process by causing
bacterial plaque to stick to smooth surfaces
of enamel.412'13 Cariogenic streptococci
were thought to be responsible for the
initiation of smooth surface caries, but they
will only produce dextran in the presence of
sucrose.1,3"12"14 Sucrose consumption, there-
fore, might be associated more closely with
caries in smooth surfaces alone than with
caries scores that include lesions in pits and
fissures, in which other bacteria are thought
to play an etiologic role. Because of this
finding, it seemed that consumption of
sucrose would be related more closely to
carious activity on smooth surfaces than to
lesions in pits and fissures. Chi-square re-
sults, however, did not support this hy-
pothesis.
Specific cariogenic streptococci must be
present, in addition to high intakes of
sucrose, in the oral cavity to facilitate the
initiation of caries on smooth surfaces.4"1-17
It can be hypothesized that increases in
caries that were found among blacks in this
study were a result of infection with specific
bacteria that were responsible for dental
caries in the presence of high and con-
tinuous intakes of sucrose.
Conclusions
This study was designed to obtain in-
formation about between-meal snacking
patterns and to relate the differences or lack
of differences in caries experience between
groups with the consumption of sucrose
between meals. To examine this relationship
between sucrose and dental caries experi-
ence, the between-meal questionnaire was
developed and administered to acquire in-
formation about the snacking habits of the
populations studied.
The results from the analyses of ques-
tionnaire responses, in relation to caries ex-
perience, were not as expected. No signifi-
cant relationship could be found between
the consumption of sucrose-containing be-
tween-meal snacks and low, medium, and
high caries experience. Analyses were con-
ducted for total caries experience as ex-
pressed in DMF teeth and also for proximal
(smooth surface) caries experience, which
was thought to be related more closely to
the consumption of sucrose. No clear pattern
of association was found in any of these
analyses. Only a few of the chi-squares that
were calculated were significant; this would
be expected only as a result of chance. The
caries experience that was recorded in this
study was the result of a lifetime exposure
to the oral environment. Changes in oral
flora and dietary patterns or habits, however,
could occur in a short period of time. Past
caries experience, therefore, does not indi-
cate necessarily a strong relationship to
snacking habits, which could have changed
recently.
An examination of the data according to
race, however, indicated that whites and
blacks consumed a great number of between-
meal snacks. Blacks in Detroit and Columbia
consumed more snacks of all kinds (sucrose
and nonsucrose) than whites. The results
J Dent Res March-April 1973
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from chi-square tests revealed that an equal
number of significant values supported and
negated the hypothesis that high caries ex-
perience would be related to a higher con-
sumption of sucrose snacks between meals.
In this study, caries experience was not
associated with between-meal eating pat-
terns. Lack of differences between racial and
geographic groups was not related to the
frequency of sucrose-containing between-
meal snacks.
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